Abstract Central nervous system immune reconstitution inflammatory syndrome (CNS-IRIS) develops in 9 %-47 % of persons with HIV infection and a CNS opportunistic infection who start antiretroviral therapy and is associated with a mortality rate of 13 %-75 %. These rates vary according to the causative pathogen. Common CNS-IRIS events occur in relation to Cryptococcus, tuberculosis (TB), and JC virus, but several other mycobacteria, fungi, and viruses have been associated with IRIS. IRIS symptoms often mimic the original infection, and diagnosis necessitates consideration of treatment failure, microbial resistance, and an additional neurological infection. These diagnostic challenges often delay IRIS diagnosis and treatment. Corticosteroids have been used to treat CNS-IRIS, with variable responses; the best supportive evidence exists for the treatment of TB-IRIS. Pathogenic mechanisms vary: Cryptococcal IRIS is characterized by a paucity of cerebrospinal inflammation prior to antiretroviral therapy, whereas higher levels of inflammatory markers at baseline predispose to TB meningitis IRIS. This review focuses on advances in the understanding of CNS-IRIS over the past 2 years.
HIV and low CD4 counts. With the global scale-up of antiretroviral therapy (ART) over the last decade, the incidence of neurologic OIs has been decreasing as ART access expands [2, 3] . The World Health Organization (WHO) estimates that almost 10 million individuals are now receiving ART worldwide in low-and middle-income countries [4] . However, many persons still enter HIV care with advanced HIV and remain at risk for a CNS OI before they start ART or prior to immune restoration. Although ART has an enormous beneficial impact on survival, one important complication of ART is the immune reconstitution inflammatory syndrome (IRIS) that affects up to a quarter of patients starting ART [5•] , mainly those with advanced HIV [6] . Most forms of IRIS cause symptom deterioration but are not life threatening. However, when the CNS is involved, death may result, making CNS-IRIS the most challenging form of IRIS to manage.
IRIS describes a constellation of symptoms and clinical features that may occur in previously immunosuppressed patients during rapid restoration of immune function in the presence of a pathogen or foreign antigen [7•] . The underlying immunodeficiency is most frequently secondary to HIV, but withdrawal of immunosuppressive medications (such as corticosteroids or immunosuppressant medication in transplant patients), as well as reversal of immunosuppressant states (e.g., pregnancy, malnutrition), can also result in IRIS events [8] [9] [10] . There are two common IRIS scenarios in HIVinfected persons that both occur in the first months after commencing ART. First, paradoxical IRIS, manifests with recurrence of symptoms of a previously recognized and treated OI, although the symptoms may be different from the initial presentation. Second, unmasking IRIS manifests with the inflammatory presentation of a newly diagnosed OI. In both situations, the immune system is rapidly transitioning from an inadequate response to a heightened inflammatory response toward the pathogen [8, 11] . Rare autoimmune forms of IRIS are also described where the target antigen is host.
Central Nervous Syndrome IRIS
Among patients with CNS OIs, the cumulative incidence of CNS-IRIS ranges from 9 % (in a Spanish cohort of patients with a variety of CNS OIs) to 47 % (in a South African study of patients with TB meningitis) [12, 13] . IRIS affecting the CNS has been associated with poor outcomes and mortality rates overall of approximately 20 %-30 %; however, mortality rates vary widely depending on the underlying infection and individual circumstances [14•, 15•, 16••, 17, 18•] . The reasons for poor outcomes with CNS-IRIS vary by underlying infection, but a key factor is excessive inflammation and swelling occurring within the rigid anatomy that encases the CNS. A CNS inflammatory process can lead to increased intracranial pressure that may ultimately cause brain herniation and death [5•] . In addition, inflammation and neuronal dysfunction in vital brain structures, such as the brainstem's respiratory center, may have fatal consequences. Survivors may suffer permanent neurologic disability [14•] . Treatment therefore centers on decreasing inflammation and reducing raised intracranial pressure, when present. A wide range of CNS-IRIS etiologies have been described (Table 1) .
Forms of HIV-Related CNS-IRIS
Cryptococcal Meningitis IRIS Both unmasking and paradoxical cryptococcal meningitis IRIS (CM-IRIS) have been well described with published consensus case definitions [7•] . Prospective studies, all published within the last 5 years, have reported an incidence of paradoxical CM-IRIS of 13 %-30 % among persons with CM surviving to receive ART [14•, 19-22, 23••, 24] . The median time of CM-IRIS onset ranges from 4 to 10 weeks [14•, 19-22] .
In a 2012 review [1] , the authors estimated that~186,000 cases of CM-IRIS occur annually worldwide. This estimate was based on the estimate for CM incidence published by Park and colleagues [25] and multiplied by 20 %, that being the proportion of patients who develop CM-IRIS among those with CM who start ART [26] . All patients globally with CM were assumed to have started ART. While there are significant numbers of CM-IRIS worldwide, this estimate may be a substantial overestimation. The reason for this is that among the global burden of CM cases, only a proportion of them are actually diagnosed and receive treatment. Among those who are diagnosed, the in-hospital mortality is >50 % in routine care [27] , often because of inadequate access to optimal care that includes amphotericin B and intracranial pressure control. Thus, only a minority of the global burden of CM cases survive to start ART; it is only these patients who are at the 20 % risk of developing CM-IRIS. Among those who do survive to start ART, CM-IRIS is a significant cause of early mortality on ART [14•]. The major risk factors for paradoxical CM-IRIS are related to high antigen burden and severity of pre-ART immune dysfunction. Antigen burden can be assessed either by cryptococcal antigen (CrAg) titer or by quantitative culture. Two studies in Thailand and Uganda reported higher baseline serum CrAg titer to be an independent predictor for IRIS [14•, 21] . In a study conducted in South Africa published in 2013, higher baseline cerebrospinal fluid (CSF) quantitative culture was an IRIS risk factor (median 111,000 in IRIS cases vs. 1,800 CFU/mL in non-IRIS patients, p =.004) [23••] . A second consistent risk factor for IRIS is an initial paucity of CSF inflammation, such as a lack of CSF leukocytes and/or normal CSF protein level, found in three independent cohorts in Kampala, Durban, and Cape Town [22, 23••, 28] . In the Ugandan study, a paucity of proinflammatory cytokines and chemokines (lower levels of IL-6, IL-8, TNF-α, and IFN-γ) at CM diagnosis characterized the CSF of persons that later developed cryptococcal IRIS [22] . Serum biomarkers of immune dysfunction may also predict IRIS: Future CM-IRIS patients had higher pre-ART levels of Creactive protein (CRP), interleukin (IL)-4, and IL-17 and lower levels of VEGF, G-CSF, and TNF-α [14• ]. These data demonstrate that risk stratification for development for CM-IRIS may be possible.
Cryptococcal IRIS most frequently presents as recurrent meningitis, usually with sterile CSF fungal cultures. However, cryptococcal IRIS manifestations may include intracranial space occupying lesions and extend beyond the CNS including lymphadenitis, pneumonitis, and ophthalmologic complications [14•, 20] . The diagnosis of cryptococcal IRIS is clinical, and factors considered are a temporal relationship to ART initiation, characteristic clinical presentation, and exclusion of failure of antifungal therapy that may be related to fungal resistance or poor adherence and exclusion of other infections [29] . Mortality for patients with CM-IRIS has been reported to be nearly twice that of patients with CM without IRIS [14•] , although this finding is not uniform [19] . Recent prospective studies have reported mortality rates ranging from 7. [19, 20, 30] . Control of elevated intracranial pressure via therapeutic lumbar puncture (LP) is essential [5•] . Pharmacologic treatment of CM-IRIS is anecdotal, without any data from clinical trials. Corticosteroids have been used in persistent and/or lifethreatening CM-IRIS [14•, 31] , and isolated cases have been treated with hydroxychloroquine, azathioprine, adalimumab, or thalidomide as alternatives to corticosteroids [9, [32] [33] [34] . In severe cases of CM-IRIS, intensification of antifungal therapy to amphotericin B should be considered, given that one cannot exclude antifungal treatment failure with relapse when the patient first presents [7•] . Interruption of ART is rarely necessary and is of uncertain benefit [35] . Our approach, consistent with the 2013 Southern African HIV Clinicians Society guidelines [36] , is outlined in Fig. 1 .
The issue of the optimal timing of ART after CM was, until recently, unresolved. The counterbalancing risks are that of CM-IRIS with attendant mortality associated with earlier ART and the high mortality risk associated with deferring ART in patients with advanced HIV. Two small trials had conflicting results [37, 38] . The results of the Cryptococcal Optimal ART Timing (COAT) trial were presented at CROI in 2013 [39] . In the COAT trial of 177 ART-naïve persons with a first episode of CM, deferring ART for approximately 5 weeks was associated with lower mortality, as compared with initiation of ART in the first 1-2 weeks after CM diagnosis. The COAT trial was stopped early with 15 % better survival with deferred ART over early ART. In a small trial in Botswana, CM-IRIS was higher with early ART [40] .
Unmasking of Cryptococcosis on ART
Prospective studies on unmasking cryptococcosis during early ART have reported incidences of 0.4 %-1.7 % (2/ 490, 5/295, 3/423) in broad cohorts of HIV-infected patients in Uganda and South Africa [24, 41, 42] . The incidence is higher as the CD4+ count decreases [41, 43] , and mortality rates of 75 % were reported in one Uganda cohort study [41] . Symptom onset can range from within days of starting ART to 3-4 months [24, 41, 42] .
Cryptococcus provides a useful model for understanding unmasking of opportunistic infections on ART. This is not a latent infection being reactivated, but a subclinical active infection that becomes apparent with ART. Detectable cryptococcal antigenemia represents dissemination. If ART is not received, these persons will progress to symptomatic meningitis in weeks to months [41] . Conversely, if ART is initiated, persons may or may not develop unmasking cryptococcosis. The two most important risk factors appear to be the inverse interplay between CD4+ count and antigen burden. Once ART is initiated, the immune system must rapidly recover to control asymptomatic cryptococcal infection. If the CD4+ count is <100 cells/μL and the serum CrAg titer is >1:8, unmasking of cryptococcosis is frequent [43] [44] [45] [46] [47] . However, preemptive fluconazole therapy may abort this trajectory. Pre-ART CrAg screening with preemptive fluconazole therapy for those positive has recently been recommended for patients with CD4+ counts <100 cells/ μL [41] . Implementing screening and preemptive programs could decrease the numbers of unmasking cryptococcal cases, and this public health strategy is being tested in an ongoing Neurological TB-IRIS Tuberculosis-associated-IRIS (TB-IRIS) is the commonest form of IRIS in high HIV/TB coinfection settings, with both unmasking and paradoxical forms described [11] . Paradoxical TB-IRIS, which is the best studied of the two forms, occurs in 8 %-54 % of TB patients who typically experience symptomatic improvement on appropriate TB drugs and then develop new, recurrent, or worsening TB symptoms or signs after subsequently starting ART [11, 48] . Neurological involvement occurs in a substantial proportion of these patients, accounting for 12 %-31 % of cases in two series of paradoxical TB-IRIS [17, 18•] . In a very high TB endemic setting, paradoxical neurological TB-IRIS (neuro-TB-IRIS) was also the most common cause for CNS deterioration in patients within 1 year of starting ART, accounting for 21 % of cases, and occurred in 47 % (16/34) of tuberculous meningitis (TBM) patients after ART initiation [13] . Paradoxical neuro-TB-IRIS may occur both in patients who present with neurological TB and in those who present with extra-neural TB, at initial TB diagnosis. Risk factors for paradoxical TBM-IRIS have recently been described in a prospective study of HIV-associated TBM [16••] . In this study, ART-naïve patients were enrolled at TBM diagnosis. ART was started 14 days after TB treatment initiation. Patients were followed up for 9 months, and findings were compared between those who developed TBM-IRIS and controls who did not. At TBM diagnosis, patients who developed TBM-IRIS had features suggesting a higher degree of TB dissemination, as compared with patients who did not develop TBM-IRIS, such as chest radiograph abnormalities (81 % vs. 50 %, p =.08). Raised CSF neutrophil counts (median, 50 vs. 3 cells/μL, p =.02) at baseline predicted future TBM-IRIS and CSF concentrations of inflammatory cytokines such as TNF-α, IFN-γ, and IL-6, which have been implicated in TB-IRIS pathogenesis in two studies published in 2011-2012 [50, 51] , were also significantly higher in TBM-IRIS patients at baseline. These findings suggest a potential role for immunomodulatory therapies to prevent TBM-IRIS, which should be investigated in RCTs. TBM-IRIS was further associated with high baseline CNS bacillary load as evidenced by CSF Mycobacterium tuberculosis culture positivity; the organism was cultured at TBM diagnosis in 15/16 TBM-IRIS patients (94 %), as compared with 6/18 controls (33 %). As has been suggested previously for TB-IRIS [11] as well as for CM-IRIS [14•, 21, 23 ••], a high baseline microbial load seems to drive a CNS inflammatory response that ultimately manifests as IRIS. This emphasizes the need for optimal antimicrobial therapy prior to ART initiation to reduce the risk for paradoxical IRIS.
The same study reported at time of TBM-IRIS presentation that patients had a significant recurrence of CSF inflammation with high neutrophil and lymphocyte counts and increased protein levels [16••] . Inflammation was also evident on brain CT and spinal magnetic resonance imaging (MRI), which revealed features consistent with pachymeningitis and radiculomyelitis, respectively, in some TBM-IRIS patients (Fig. 2) . However, normal brain imaging (including CT and MRI) does not exclude the diagnosis of TBM-IRIS [16••, 18•, 52] . CSF culture for TB is typically, but not invariably, negative at time of neuro-TB-IRIS diagnosis [16••] . As with IRIS associated with other etiologies, no confirmatory test for TB-IRIS exists. The diagnostic approach to neuro-TB-IRIS suspects should focus on the exclusion of other causes for deterioration, such as poor adherence to TB drugs, drug reactions or toxicities, infection with a TB drugresistant strain, and an alternative or additional opportunistic etiology [11] .
In general, paradoxical TB-IRIS is associated with low mortality (3.2 % in a meta-analysis published in 2010) [26] . However, paradoxical neuro-TB-IRIS is more frequently associated with death; mortality at 6-9 months reaches 30 % The optimal management of neuro-TB-IRIS is uncertain, since no treatment is of proven benefit [5•] . In an RCT of prednisone versus placebo for the treatment of paradoxical TB-IRIS that excluded patients with neuro-TB-IRIS, prednisone was associated with more rapid symptom relief and reduced the duration of hospitalization and need for therapeutic procedures [53] . No treatment trials in neuro-TB-IRIS have been conducted. Corticosteroid treatment is known to reduce mortality in severe forms of TB outside the context of IRIS, such as meningitis [54] , and has anecdotally been associated with good outcome in neuro-TB-IRIS [17] . However, corticosteroids do not prevent neuro-TB-IRIS; 13/16 TBM-IRIS cases were already receiving prednisone (0.75-1.5 mg/kg/day) when they developed TBM-IRIS [16••] . Our practice is to treat all TB-IRIS patients with neurological involvement with prednisone (starting dose, 1.5 mg/kg/day or equivalent) tapering the dose after 2-4 weeks according to the individual patient's response [5•] . Patients usually require 2-4 months of treatment; however, some patients may experience relapses when treatment is reduced or stopped, necessitating steroid treatment for longer periods. An attempt should be made to continue ART during the IRIS episode, since interrupting ART may increase susceptibility to other OIs and predispose to drug resistance. IRIS may also recur when ART is restarted after interruption. We suggest that temporary discontinuation of ART be considered only in cases with a persistent or severely depressed level of consciousness and in cases with severe neurological disability unresponsive to corticosteroid treatment.
The optimal time to start ART in patients with HIVassociated neuro-TB remains uncertain. A shorter interval between TB treatment and ART initiation increases the risk of developing TB-IRIS. Regardless of this risk, three RCTs published in 2011 showed a mortality benefit for starting ART early, as compared with later (2-4 weeks vs. 8 weeks after TB treatment initiation), in severely immune suppressed (CD4+ count <50 cells/μL) patients [55] [56] [57] . These three trials enrolled predominantly patients with extra-neural TB, and thus the findings may not be generalizable to patients with neurological forms of TB who are at high risk of developing potentially fatal neuro-TB-IRIS [58] . Another RCT published in 2011 involving TBM patients compared early (within 7 days of TB treatment initiation) with delayed (8 weeks after TB treatment initiation) ART [59••] . This TBM-specific study, which included severely immunosuppressed patients (median CD4 count=41 cells/μL), found no difference in mortality between the two treatment arms but an increased frequency of severe adverse events with early ART initiation. On the basis of these findings, some guidelines recommend deferring ART to 4-6 weeks after TB treatment initiation in patients who present with TBM [60] , and our practice is now to start ART at 4 weeks in TBM patients. Table 2 compares CM-IRIS and TBM-IRIS.
Progressive Multifocal Leukoencephalopathy IRIS
Progressive multifocal leukoencephalopathy (PML), a demyelinating disease of the brain caused by the JC polyomavirus, occurs in 3 %-5 % of persons with AIDS worldwide [61] . Both paradoxical (also termed PML-delayed IRIS) and unmasking (also termed PML-simultaneous IRIS) PML-IRIS have been described [15•] . PML-IRIS is also the most frequent form of CNS-IRIS reported in HIV-negative patients recovering from iatrogenic immunosuppression (discussed below). One study found PML-IRIS to occur in 18 % of persons with PML diagnosed pre-ART [62] , while a study published in 2012 reported IRIS in 40 % of patients diagnosed with PML in a mixed cohort of patients with HIV and other causes of immunosuppression [63•] . In two studies (one prospective and another retrospective), the median time to PML-IRIS was 4 weeks from starting ART with paradoxical IRIS and 7-8 weeks with unmasking IRIS [15•, 63•] . In both studies, only a minority of cases occurred more than 6 months after starting ART [15, 63] . Neurological deficits correspond to the brain area involved and include findings such as cognitive dysfunction, focal weakness, sensory changes, and visual disturbances. In the most severe cases, cerebral edema and herniation occur, and this may be rapidly fatal [15•, 64] . In one study, the mortality associated with paradoxical PML-IRIS was 53 % and with unmasking IRIS was 31 %. The authors hypothesized that delayed recognition of IRIS in paradoxical cases contributed to poor outcome [15•] . Few studies have addressed risk factors for PML-IRIS. One retrospective study of 87 patients with PML noted that the baseline CD4 count was lower in patients who developed PML-IRIS, as compared with PML patients who did not develop IRIS (mean 35 vs. 72) [65] .
The diagnosis of PML-IRIS may be difficult, since the diagnostic methods used are expensive and not available in most resource-limited settings. In addition, CSF PCR for JC virus in patients not on ART is >95 % sensitive [66] , but the PCR is less sensitive in patients on ART (sensitivity 58 %) [67] . It is also difficult to distinguish between a patient deteriorating due to IRIS or from progression of JC virus infection. Brain MRI shows enhancement more often with PML-IRIS than with PML [64] . In a retrospective PML-IRIS series of 54 HIV infected persons, 57 % had MRI enhancement [15] . A prospective cohort study published in 2012 including patients with mixed HIV status (19/42 PML cases and 12/17 IRIS cases were HIV-infected) reported enhancement in 88 % of MRI scans in cases of PML-IRIS versus 15 % of non-IRIS PML cases [63] . In the same study, a ratio lipid/lactate to creatine >1.5 combined with contrast enhancement yielded a 79 % probability of IRIS [63] , providing potential new methods of PML-IRIS diagnosis. Less gadolinium enhancement may be seen in HIV-infected persons than in HIV-uninfected persons with PML-IRIS due to lower CSF leukocyte counts in the former group [64] .
There is no specific therapy for PML's causative agent, JC virus [64] . This is a major determinant of the high mortality associated with PML-IRIS. In the same retrospective study of 54 HIV infected persons with PML-IRIS, 12 received corticosteroid treatment. There was no difference in mortality associated with receiving corticosteroids [15•] . Restricting analysis to only those 12 patients and comparing survivors and nonsurvivors, there was a nonsignificant trend toward earlier initiation and longer duration of corticosteroids among survivors [15•] . These data are not compelling evidence for the benefit of corticosteroids, and there is no clinical trial evidence supporting corticosteroid use in PML-IRIS. Steroid use remains controversial because there is concern that immunosuppression may be deleterious for controlling JC virus replication; however, many experts advocate use of corticosteroids in life-threatening cases such as patients with cerebral edema [68] .
HIV Associated Neurocognitive Disorder IRIS
HIV itself causes neurocognitive impairment with severity varying from mild impairment to dementia, due to direct viral invasion of the CNS [69] . In one cohort study spanning 1996-2002, 55 % of HIV patients had some degree of HIVassociated neurocognitive disorder (HAND), while 10.4 % went on to develop dementia, as compared with approximately 20 % of persons with AIDS in the pre-ART era [70] . A Danish cohort study published in 2011 reported an incidence of dementia in HIV patients similar to that of the general population (<1 %) [71] . Although the incidence and prevalence of dementia has decreased in HIV infected populations in the ART era, the prevalence of HAND overall has been fairly constant, since milder forms remain common [72] .
IRIS has been reported to complicate HAND as an encephalitic process in patients initiating ART [73] . HAND-IRIS has been described as worsening of preexisting HAND, as well as the cause of new onset HAND [74] . Cases with fulminant disease complicated by cerebral edema with thorough exclusion of other neuro-infections have been described, and these may represent the most severe forms of HAND-IRIS [75] . Although imaging findings vary, white matter lesions are often seen on MRI in HAND-IRIS cases and may be concentrated in the periventricular area [74] [75] [76] .
While several groups are investigating HAND pathologic mechanisms [72, 77, 78] , little investigation of HAND-IRIS has been undertaken. Johnson and Nath have postulated that CNS IRIS may be an important component of the development of HIV-related neurocognitive disorders on ART [79] . [74] [75] [76] . An important question that should be addressed in future studies is whether HIV itself or a component of HIV is the antigenic target [74, 81] or whether the pathology reflects an autoimmune CNS process in the context of ART [74] occurring on the background of chronic HIV damage and immune dysregulation in the CNS. Of reported HAND-IRIS cases, some degree of symptomatic improvement has been reported both with and without corticosteroid use [73, 76] . However, no controlled trials have examined treatment modalities for HAND-IRIS.
Other Forms of CNS IRIS
Many other infections have been reported as causes of CNS-IRIS, although the numbers of cases reported for each of these infections is few. CNS toxoplasmosis is a common opportunistic infection in patients with AIDS [82] , but toxoplasmosis-IRIS is rarely described; only case reports have been published [83, 84] . Symptomatic improvement was reported with corticosteroid therapy in one of these cases [83] ; corticosteroids were not used in others. In persons receiving trimethoprimsulfamethoxazole (cotrimoxazole) prior to ART, unmasking of toxoplasmosis is exceptionally rare. Other causes of CNS IRIS, many of which have been reported as single-case reports, are listed in Table 1 .
Non-HIV-Related Forms of CNS-IRIS
IRIS is now recognized in non-HIV-infected patients recovering from immunosuppression, such as refeeding syndrome in severely malnourished refugee populations, flares of rheumatologic conditions post-partum, and bone marrow transplant recipients during recovery from neutropenia. An underlying theme in all forms of IRIS is exposing large amounts of foreign antigen to an immune system with improving ability to respond and cause inflammation. Barber and colleagues suggest that both ART-related and non-HIV IRIS is due to hyper-responsiveness of the innate immune system as T-cell function recovers [85••] .
An interesting new development has been the reports of PML-IRIS occurring in HIV-negative persons after discontinuation of immunosuppressant medication-most notably, natalizumab [86] [87] [88] , but also fumaric acid and efalizumab [89, 90] . Natalizumab, used in the treatment of multiple sclerosis, is a recombinant humanized monoclonal antibody directed against α4 integrin, an adhesion molecule expressed on circulating lymphocytes involved in recruitment to sites of inflammation. Iatrogenic immunosuppression allows for reactivation of latent JC virus with viral replication. When nataluzimab is discontinued, the immune system responds to the foreign antigen causing pathologic IRIS with unmasking of PML or rapid worsening of diagnosed PML. JC-virusspecific CD4+ lymphocytic infiltrate into brain tissue is associated with PML-IRIS response, as well as JC virus clearance [88] . An insight that might be drawn from such cases is that if natalizumab withdrawal precipitates IRIS, natalizumab may be considered as a treatment for severe life-threatening cases of HIV-related CNS-IRIS associated with infections for which effective antimicrobial therapy exists. Other treatments that block specific immune effector pathways (such as TNF-alpha blockers) may also have a role in such cases [91] . The role of such experimental therapies needs to be addressed in controlled research settings.
Other sporadic cases of CNS-IRIS have been reported in relation to withdrawal of immunosuppressants: A case of TB-IRIS occurred after discontinuation of infliximab [92] ; CM-IRIS has occurred after withdrawal of immunosuppressive medications for solid organ transplant [93, 94] ; and candida encephalitis IRIS was reported after withdrawal of immunosuppressive therapy related to hematopoietic stem cell transplant [95] .
Conclusion
CNS-IRIS is a significant cause of morbidity and mortality worldwide in persons with HIV and is being increasingly recognized in persons without HIV, given the increasing use of immunomodulatory medications. While CNS-IRIS related to TB, Cryptococcus, and PML are most frequent, a number of other, more rare causes of CNS-IRIS have been noted. Advances in diagnosis and prediction have been made in the past few years; however, significant work remains, particularly in regard to treatment. Research priorities should include further characterization of IRIS pathogenesis, role and timing of amphotericin B and corticosteroid use in CM-IRIS, more rapid diagnostic tools for CNS-IRIS risk factors for the development of PML-IRIS, and further characterization of HAND-IRIS and the role of IRIS in the development of HAND on ART.
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